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Construction scheduling
Construction project schedules provide information on the construction tasks to be executed, such as start and end dates as well as precedence relations due to technical constraints. As many different stakeholders are involved in one project, a reliable schedule is of importance [2] . For a set of construction tasks with given discrete durations and precedence constraints,as shown in Fig. 1 , the critical path method (CPM) generates one schedule, assuming unlimited resources [3] , as shown in Fig. 2 . In case of limited resources, the start dates scheduled according to CPM have probably to be pushed back in time if two or more tasks are competing for the same resource, as indicated by Task 4 and 5 in Fig. 2 . In practice, besides resource limitations, many delays occur during the realization phase constituting, in a mathematical sense, uncertainty in the input data. In classical project scheduling, uncertainty in the input data is not taken into account. Uncertainty can be considered by defining the task durations by stochastic variables instead of discrete values. The makespan of a project as well as start and end dates of tasks are then described by distribution functions and can be determined in a Monte Carlo simulation.
Evaluating and improving schedule reliability
Using distribution functions for describing start and end dates is of little merit in construction practice. In this study, the distribution of the makespan is used to quantify the ability of the schedule to absorb deviations during the realization phase. To this end, the makespan based on discrete process durations is compared to the distribution describing the makespan based on variable process durations. The difference between the 95% quantile of the distribution and the deterministic makespan m is used as robustness measure R (Fig. 3) :
Determining a resource and precedence feasible schedule that is optimal with respect to a certain criterion is a complex combinatorial optimization problem known as Resource Constraint Project Scheduling Problem [1, 4] . Moreover, the Multi-Mode Resource Constraint Project Scheduling Problem considers different modes for each task, varying in duration and resource consumption. In construction projects, the variation of the order of tasks is restricted due to multiple technical boundary conditions. Therefore, alternative schedules are generated by considering different modes for the tasks reflecting alternative construction methods, and a schedule is defined by the combination of the modes of the tasks. A so-called combination vector is introduced, defining the respective mode for each task. The robustness measure R introduced above serves as optimization criterion to improve the reliability of the schedule by varying the combination of modes. For the optimization procedure, a genetic algorithm is used, as shown in Fig. 4 . Starting with generation i = 0 consisting of j = 1..n random individuals (i.e. combination vectors C ij ), different combinations of modes are generated by crossing and mutating the combination vectors. After a certain number of generations, the procedure improves the schedule reliability with regard to the chosen robustness criterion. 
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